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Clinical Vignette

A 17-year-old female patient was referred for allergy evaluation
and found to have a concerning imported fire ant (IFA) reaction
history. At 16 years of age, the patient had 5 stings to the bilateral
lower extremities (roughly 10 IFA stings) during Junior Reserve
Officer Training Corps summer field training in Texas. She had been
feeling perfectly well but within minutes of being stung developed
lightheadedness with nausea and emesis. She felt anxious, was too
dizzy to walk independently, and was assisted into a vehicle and
taken to a medical tent. There, her lightheadedness worsened and
she was assisted in ambulation and placed supine on an exami-
nation table, where she had complete syncope. She denied other
symptoms. Because of the syncope, she did not recall what events
had transpired and next recalled waking up several hours later in
the treatment tent, released without further instructions or treat-
ments. She developed pseudopustules with large local reactions
(LLRs) on the bilateral legs.

She had skin testing for IFA 10 months later and was negative to
the skin prick test. Eight minutes after the first 1:1,000,000 weight
for volume (wt/vol) intradermal test, she developed globus, light-
headedness, dizziness, difficulty breathing, and chest tightness. She
stood to move to the treatment room and collapsed with brief
syncope. A technician caught her fall. She was laid supine and
received epinephrine 0.3 mg in the thigh. A 3- x 5-mm wheal with
flare at the intradermal site was noted. An intravenous line was
placed, a normal saline bolus was started, and albuterol 2.5 mg
nebulization was given. The first set of vital data obtained 6 minutes
after her first epinephrine dose recorded a blood pressure of
129/69 mm Hg and a heart rate of 135 beats/min. Six minutes after

the first epinephrine dose, the patient complained of ongoing
symptoms and was given epinephrine 0.5 mg in the thigh. Vital signs
remained stable. Examination was remarkable for cold clammy pale
skin without rash; the lungs were clear. She reported that all symp-
toms improved within 30 minutes of the second epinephrine dose.

Her serum tryptase level at baseline was 2 ng/mL. Rapid
induction of tolerance (RIT) was completed without reactions and
she started a program of maintenance immunotherapy with IFA
whole body extract (WBE).

Introduction

Fire ants are in the order Hymenoptera, superfamily Vespidae,
family Formicidae, subfamily Myrmicinae, tribe Solenopsidini, and
genus Solenopsis. Species native to the United States include Sol-
enopsis xyloni, Solenopsis geminata, and Solenopsis aurea. The term
imported fire ant describes 2 non-native species, Solenopsis richteri
and Solenopsis invicta, venomous insects capable of causing clinical
reactions ranging from localized pruritic sterile pustules to a spec-
trum of IgE-mediated hypersensitivity, including death from
anaphylaxis. Considered a threat to the southeastern United States
through most of the 20th century, the IFA has been found on the
continents of Asia, Australia, and North and South America.! Native
to Uruguay, S richteri was introduced into the United States in 1918
in the ballast of cargo ships through the port of Mobile, Alabama.
Native to Argentina, S invicta was introduced in the 1930s and
currently is the dominant species of IFA.2 The IFA has spread to
affect at least 343 million acres in the United States, including the
entirety of 6 states and portions of 8 (Fig 1). Annual economic
damage in the United States is estimated to exceed $6 billion.?
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Figure 1. Endemic imported fire ant (IFA) areas in the United States. Adapted from the United States Department of Agriculture Animal and Plant Health Inspection Service.
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Beyond the borders of the contiguous United States, the IFA affects
the entirety of Puerto Rico and portions of China, Taiwan, Australia,
and New Zealand.!?

Fire ants may build in excess of 500 mounds per acre, with
multiple queens per colony. Mounds can be built in open areas, such
as lawns, playgrounds, and athletic fields, and move underneath
pavement and near buildings to overwinter. Disturbance of a mound
results in a swarm of thousands of ants that respond by stinging
anything the ants contact.? Stings from the IFA occur when the insect
bites and grasps the skin with its mandible, laterally flexing its
abdomen to bring the distal abdomen caudal, and stings. It can sting
multiple times in a radial pattern as it moves its abdomen in an arc.
The natural reaction to an undisturbed sting is formation of a sterile
1- to 2-mm pseudopustule secondary to piperidine alkaloids, which
confer to the venom insecticidal, bactericidal, and fungicidal activity.
Four protein allergens have been characterized in S invicta. Sol 1 2 and
4 are unique to S invicta, Sol I 3 is a member of the antigen 5 family
but does not cross-react with wasp antigen 5, and Sol I 1 is a phos-
pholipase A{B similar to wasp venom phospholipases, showing
cross-reactivity. Solenopsis richteri expresses proteins Sol R 1, 2, and 3
(similar to Sol I 1, 2, and 3) but not a protein similar to Sol I 4.5

A prospective study of 107 adults from nonendemic IFA areas
visiting San Antonio, Texas for 3 weeks in the summer reported
a sting incidence of 51%. None reported generalized cutaneous or
systemic reactions (SRs). Seven of those stung (12.7%) developed
skin test reactivity; radioallergosorbent testing was positive in only
1.7 A survey of 182 children living in an IFA-endemic area reported
38.6% stung by IFAs during the previous month, and 23.9% reported
more than 6 stings. Of all insect stings reported, IFAs accounted for
92.1% and flying hymenoptera accounted for 7.9%.8 Children tended
to be more at risk for IFA stings in a rural environment than in
suburban or city environments.®

In endemic areas, the IFA is the leading cause of hypersensitivity
among all hymenoptera. Children are at greatest risk of showing
sensitization to IFA by specific IgE, and serum sensitization appears
to wane after childhood. Random screening of discarded serum in
IFA-endemic areas have shown IFA-specific IgE levels higher than
0.35 kUa/L detectable in 38.3% of children, varying with age from
35.7% in children 2 to 5 years old to 57.5% in children 11 to 20 years
o0ld.8 Random screening of adult blood in an IFA-endemic area found
IFA-specific IgE levels of at least 0.35 kIU/L detectable in only 17%.° By
comparison, IgE specific for yellow jacket venom was detectable in
random serum screenings of 7.6% of children in an [FA-endemic area
and in 10% of adults. This compares with random adult screenings of
adult blood in a nonendemic IFA area that found IgE specific for
yellow jacket venom more commonly than IFA-specific IgE (6.5% vs
2%, respectively).’ Of 703 patients in an IFA-endemic area referred to
an allergy clinic for venom allergy, the leading cause of hymenoptera
hypersensitivity diagnosed by history and/or skin testing was IFA
(42% of patients), followed by wasp (29%), white-faced and bald-
faced hornets (16%), yellow jacket (15%), and honey bee (12%).1°

Reactions to IFA stings may include sterile pustules, LLRs, gener-
alized cutaneous reactions consisting solely of pruritus and urticaria,
and systemic symptoms of anaphylaxis. From 17% to 56% of patients
develop LLRs.” Children who initially have large local or cutaneous
reaction have not been found to progress to SRs with future stings: of
31 children 16 years or younger evaluated for local or cutaneous
reaction to IFA, none of 20 who were later stung developed SRs over
a mean follow-up time of 4.9 years.!! A survey completed by 2,022
physicians who treated 20,755 patients for fire ant stings estimated
413 (2%) had been treated for life-threatening anaphylaxis.’> As of
1989, 84 deaths were reported by 2,506 physician surveys, most of
which resulted from fewer than 5 stings.> A 15-year review of
newspaper articles showed 10 indoor fire ant stings previously
unreported in the medical literature; 10 indoor fire ant stings in the
medical literature also were identified. Fourteen of 20 stings occurred

Table 1
Example of conventional imported fire ant whole body extract immunotherapy
dosing schedule®!®

Dose Concentration (wt/vol) Volume (mL)
1 1:100,000 0.05
2 1:100,000 0.15
3 1:100,000 0.25
4 1:100,000 0.50
5 1:10,000 0.05
6 1:10,000 0.10
7 1:10,000 0.20
8 1:10,000 0.30
9 1:10,000 0.40

10 1:10,000 0.50

11 1:1,000 0.05

12 1:1,000 0.10

13 1:1,000 0.20

14 1:1,000 0.30

15 1:1,000 0.40

16 1:1,000 0.50

17 1:100 0.05

18 1:100 0.07

19 1:100 0.10

20 1:100 0.15

21 1:100 0.20

22 1:100 0.25

23 1:100 0.40

24 1:100 0.50

40bservation time 30 minutes. Injections may be given weekly or, in some cases,
2 times/week after the maintenance dose.

in long-term health care facilities, and over half involved patients
immobilized by age and/or disease. Six stings resulted in death within
1 week (patients’ age, 3 months to 90 years).4

Skin testing is available with IFA WBE. Skin testing is considered
positive with a response at a concentration of 1:1,000 wt/vol by skin
prick and, if negative, by intradermal testing at serial concentrations
ranging from 1:1,000,000 to 1:1,000 wt/vol. Serum specific-IgE to
IFA also may provide evidence of sensitization. Treatment of choice
for IFA anaphylaxis is epinephrine 0.01 mg/kg for children to
amaximum of 0.3 mgand 0.3 to 0.5 mg in adults. Self-administration
in the anterolateral thigh is recommended: patients should carry or
have available appropriate epinephrine in outdoor and indoor
environments. Immunotherapy with IFAWBE is recommended with
a maintenance dose of 0.5 mL of a 1:100 wt/vol extract (Table 1).
Increases in dose may be considered for treatment failures (SRs
while on maintenance IFA immunotherapy). Because of their
significant exposure risk, children who develop cutaneous reactions
to IFA sting may be considered for IFA immunotherapy.'”

Because IFA sting incidence is high in endemic areas, rapid
attainment of a maintenance immunotherapy dose is desirable
compared with conventional dosing schedules. One-day RIT has
been shown to be safe and effective in children and adults.
Although previous studies have used various maintenance doses,
currently 0.5 mL of a 1:100 wt/vol extract is recommended.” In
a retrospective study that first established IFA WBE efficacy
(maintenance doses included 0.2 to 0.5 mL of 1:20 to 1:100 wt/vol),
47 of 65 patients on IFA immunotherapy reported 112 IFA stings and
only 1 (2.1% of patients, 0.9% of stings) developed an anaphylactic
reaction.’® In 11 patients for whom IFA immunotherapy was rec-
ommended but declined, 2 of 6 who had a repeat sting developed
a generalized cutaneous reaction and 4 of 6 developed anaphy-
laxis.'® IFA immunotherapy was shown to decrease skin test reac-
tivity in 31 of 31 follow-up patients, whereas skin test reactivity did
not change or worsened in 4 of 4 who declined immunotherapy.'®
Thirty patients who completed IFA immunotherapy consented to
a sting challenge by S invicta: all developed only a local reaction.'®
RIT using IFA WBE was evaluated with and without premedication
in a study of 58 patients completing a 2-day protocol (Table 2).
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Table 2

Two-day rapid induction of tolerance protocol’

Day Volume (mL) Concentration (wt/vol)
1 0.12 1:10,000,000
0.3? 1:10,000,000
0.12 1:1,000,000
0.3? 1:1,000,000
0.12 1:100,000
0.3* 1:100,000
0.12 1:10,000
0.3° 1:10,000
2 0.12 1:1,000
0.22 1:1,000
0.3? 1:1,000
0.42 1:1,000
0.5% 1:1,000
0.12 1:100
0.22 1:100
03° 1:100
8 0.25% 1:100
0.25% 1:100
15 0.52 1:100
22¢
29 0.5% 1:100
50 0.5% 1:100
Monthly 0.5% 1:100

aSixty minutes of observation.
"Two hours of observation.
“Two imported fire ant sting challenges.

Maintenance dose was 0.5 mL of 1:100 wt/vol IFA WBE. Three
patients had an SR during the rush protocol (5.2%), 2 of whom were
on placebo premedication and 1 on study premedication (terfena-
dine, ranitidine, and prednisone). Among clinical sting challenges
using S invicta and reported field stings by IFA, only 1 of 56 patients
reported symptoms of SR, a treatment efficacy rate of 98.2%.!7 A
1-day RIT protocol has been shown in a case series of 3 children 22
to 36 months old as safe without increased systemic effects or
reactions, and 2 of the 3 children did not have any premedication
(Table 3).!8 Safety of a 1-day RIT without premedication also was
confirmed in adults. Thirty-seven adults 18 to 49 years old
completed 1-day RIT, 28 of who completed RIT without reaction.
Four had objective symptoms including urticaria and tachycardia,
and 5 had subjective symptoms including generalized pruritus,
dyspnea, and throat scratchiness.!” A retrospective case—cohort
study of 77 patients who received IFA conventional immuno-
therapy found a SR rate of 9.1% per patient (0.42% per injection).
Five SRs occurred within 30 minutes in the office and were

Table 3

One-day rapid induction of tolerance protocols'®'®

Day Volume (mL) Concentration (wt/vol)

1 0.3% 1:100,000
0.1% 1:10,000
0.3% 1:10,000
0.5% 1:1,000
0.15P 1:1,000
0.3° 1:1,000
0.05° 1:100
0.1° 1:100
0.2° 1:100
0.3 1:100

8 0.25 each arm?® 1:100

15 0.5% 1:100

224

29 0.5% 1:100

50 0.5% 1:100

Monthly 0.5% 1:100

“Observation time 30 minutes.

PObservation time 60 minutes.

“Observation time 2 hours.

dImported fire ant sting challenge only in Dietrich et al.'®

successfully treated with epinephrine; 3 SRs were reported by
patients after office discharge and resolved without medical
intervention. LLRs were found in 20.7% of patients (1.1% of injec-
tions). SRs occurred in buildup phase in 2.9% of injections and in
maintenance phase in 3.9% of injections (no significant difference).
Skin testing for IFA resulted in SRs in 9.5%; SR to IFA immuno-
therapy had significantly increased odds ratios for those with LLR to
IFA sting and in those who had SR to skin testing.?°

Conclusion

This clinical vignette shows that life-threatening anaphylaxis may
develop in 2% of IFA sting victims in endemic areas. Sting rates range
from 38% to 51%, with children often at disproportionate risk, and
children show significantly greater prevalence of IgE sensitization to
IFA than adults. IFA hypersensitivity is evaluated with WBE skin prick
testing and, if negative, intradermal testing and/or IFA-specific serum
IgE. Individuals with IFA hypersensitivity should be prescribed an
epinephrine auto-injector appropriate for weight and age available
indoors and outdoors. IFA immunotherapy is recommended for
children and adults who have SRs; duration of therapy may depend
on severity of reaction and risk of future reactions. IFA immuno-
therapy may be safely advanced to maintenance in 1 day using RIT.
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